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transferred to the capacitor 12. The out put voltage V., is nonitored
t hrough the secondary coil of the transforner.14 via resistive
divider 20 (R and R2). One disadvantage of this method of
nDn|tothg Vis the loss of capacitor #EBy due to the

This disclosure relates to charging capacitive loads and more particularly, to

capacitor charging circuitry that controls switching and delivery of power.

BACKGROUND
15 Capacitor charging circuitry is used to charge capacitive loads, for example, in
conventional photoflash systems. In conventional capacitor charging circuitry, a power
switch is turned on and off to control the dehvery of power from a power source to the
capacitive load. Under varying load conditions or outpat: voltage requirements, the
outpit voltage is monitored and-switching is adjusted to meet the output voltage and load
20 requirements.
One example of conventional capacitor charging clrcultry 10 is shown in FIG. 1.
In this circuitry 10, power is delivered to capacitor (Coy) 12 via transformer 14. When a
power switch 16'is activated, current flows into a primary coil of the fransformer 14,

When the power switch 16 is de-activated, the energy stored in the transformer 14 is



| eakage current flow ng through the resistors Rl and R2. 5 The power
switch 16 is activated and deactivated by a latch 18 coupled to the
out put of conparators 24, 26, which controls the activation of the’
power switch 16 in response to the primary coil current Ip,; and
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w th another enbodi nent,,
10 cusrent Ly for current protection and charging control uses a sense resistor 30 at the

primary side of the transformer 14. One disadvantage of this method of current
protection and cherge control is the power dissipation due to the resistance Ry A sense
resistor 32 is also used on the secondary side of the transformer 14, and once the
semndar.y coil current I drops below a limit, the switch 16 is activated to start a new
15  charging cycle.
Accordingly, there is a need for capacitor charging circuitry and a charging

control method that minimizes current leakage and power dissipation.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Features and advantages of embodiments of the claimed subject matter will
. become apparent as the following Detailed Description proceeds, and upon reference to
the Drawings, wherein like numerals depict like parts, and in which:

FIG. 1 is a circuit diagram of conventional capacitor charging circuitry;



5 FIG 3is 's circuit diagramof one enbodi ment of output voltage
measurenent circuitry used in the capacitor charging circuitry; FIG
4 is acircuit diagramof one enbodi nent of discontinuous conduction
node (DCM and overcurrent protection (OCP) circuitry used in the
capacitor charging ci rcui try; 10 FIG 5 is a circuit diagramof one

enbodi ment” of congf@nia %tﬁ?ﬁ%]o n the
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10 FIG. 5'is a circuit diagram of one embodiment of constant ON-time generator
circuitry used in the capacitor charging cirenitry; and )
FIQG. 6 i3 a timing diagtam illustrating waveforms during one mode of operation
of power switching confrol circuitry.
FIG. 7 is a timing diagram illustrating waveforms during another mode of
15  operation of power switching control circuitry,
Although the following Detailed Description will proceed with reference being
made to illustrative embodiments, many alternatives, modifications, and variations .
thereof will be apparent to those skilled in the art. Accordipgly, it is intended that the
subject matter be viewed broadly, and be defined only as set forth in the accompanying

20 claims.



stop capacitor charging. According to one exenplary application, the
. capacitor charging circuit is used for 10 the generation of high
vol tage for the photoflash of a .canera. The capacitor charging
circuit maybe a conponent of a power managenent systemfor a digital
device such as d digital canmera Those skilled in the art wll
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The exenpl ary capacitor charging circuitry 100 includes power
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vol tage neasurenent circuitry 104.” A power Source suc
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circuitry 1 @gg@g%tiye | oad or capacitor 112 is coupled to the
power transter €I | WOI. Power switching control circuitry 102
and/ or vol tage, neasurenent circujtry 104 may conprised discrete
conponents, or e s3emplapnanplicatinn, thegrapaditor ohargingkirbuitiprused for
t he exemt),l ary enbodj nents_of.the circuitry described bel ow have 5
speci f i d0coike gameention of high voliageykos thetphotoflastk 0f 4 eainéra. Thecapttitordhhrgin
recogni ze that other circuit configurations and designs.nay be usec?
to perform toirenit may be erwsmposent obe gower mamngerhieat Su@mPbas Highal\Bvice such as 5
transfer circuitry 101 includes a transfornmer 114, such as a

digjtal camera. Those skilled in the art will recognize that the capacitor charging circuit

may be nsed in other applications and devices. As used in any embodiment herein,
“circuit” and “cireuitry” may comprise, for example, singly or in any combination,

15 hardwired circuitry, programmable circuitry, state machine clrcmu-y, and/or firmware that
stores instructions executed by programmable circuitry. “Integrated circuit”, as used in
any embodiment herein, may mean a semiconductor device and/or microelectronic
device, such as, for example, a semiconductor integrated circuit chip.

FIG., 2A illustrates one cmbodimmt of capacitor charging circuitry 100 for
20  charging a capacitive load. The exemplary capacitor charging circuitry 100 includes
power transfer circuitry 101, power switching control circuitry 102 and voltage
measurement circuitry 104. A power sémce 106, such as a battery, is coupled to the

power-transfer circuitry 101, the power swifching conitrol citenitry 102 and the voltage



flyback transformer having primary and secondary coils or w ndi ngs

. With opposite polarity. Power is delivered to the transfornmer 114
when the primary winding of the 10 transfornmer 114 is energized by

t he power source 106. When the transforner 114 is no | onger

energi zed by the power source 106, the energy is transferred fromthe
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when the switch 116 is activated by a flip-flop or latch 118. The
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and overcurrent protection (OCP) circuitry 140. The const ant tine
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114 to the capacitor 112, thereby charging the.capacitor 112. An output diode 108 may
be coupled be'twem the capacitor 112 and the transformer 114 to prevent the capaci;or
112 from being discharged through the transformer 114 while the power is being

15  delivered to the transformer 114.

The power switching control cireuitry 102 controls the swii:ching.of the power '
source 106 to the transformer 114 by initiating power delivery switching cycles during
which power is switched on for a constant duration or ON-:time (Top). During .the
constant ON-time, the power switching conteo] circuitry 102 maintains power delivery to

20  the transformer 114 itrespective of the current across the primary winding of the
transformer 114. The voltage measurement circnitry 104 indirécﬂy measures the output

voltage to determine when fo stop charging the capacitor 112.



switching cycle. The DCM detection circuitry 130 detects the
occurrence of 10 discontinuous conduction node, for exanple, when the
flux within the transfornmer 114 has collapsed The OCP circuitry 140
provi des overcurrent protection by detecting current levels in the
transfornmer 114 that may-result in an excessive current when the

switch 116 is swi Thhexbngplaryipowes svaitchivesoitiol Déff{wﬁlbmﬂbsa Ewefh%ntch

enbodi nent of the control circuitry 102, when occurs and no
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constant . ON-tine generator circuitry 120, the constant ON-tine
gener at dP cidiscomtinupuy condpation mode, forexample; when thedlorithin the transformer 114
switch. The power switching control circuitry 102 may al so include a
bl anki ng pehpsepllagesde TheICR siccuitny 14fbprovisles nyerenrbind plotection dyidetbcting
signal provided to the voltage

currenit Jevels in the transformer 114 that may.result in an excessive current when the

switch 116 is switched on (i.e., an overcurrent condition).
In one embodiment of the control circuitry 102, when DCM occurs and no
15  overcument condition occurs, another power delivery switching cycle is initiated and the
switch 116 is switched on for the constant ON-time as determined by the constant ON-
time generator circuitry 120. In one embodiment, the power switching control circuitry
102 includes a logic gate 144 (e.g., an AND g;ate) coupled to both the DCM detection
circuitry 130 and the OCP circuitry 140 to provide a switci'.liug control signal or a fire
20  signal that initiates the power delivery switching cycle. In this illustrated embodiment,
the fogic gate 144 provides the fire signal (FIRE=1) when a DCM output signal is
received indicating that DCM has occurred (e.g,, DCM=1) and when an OCP output

signal is received indicating that no overcurrent has occurred (OCP=1).



measurenent circuitry 104, the DCM detection circuitry 130 and the
OCP circuitry 140. 10 The bl anking period signal can be used to
tenporarily disable or delay the output of the circuitry (i.e
during a bl anking period) to prevent erroneous signals caused by
vol tage splices; for exanple, when the switch is first deactivated.
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(OCP=1l) is received and Wnen ei ther a DCM out put signal is provided
(DCMEL) 5 omepEsmant sirgiimy phdire DEMdetectionitivauitos 130 sndsthe OCR gjicuigry 140,
node (SLOW FAST=1). In other words, in fast chargi ng node, the DCM
si gnal by BheblgnhngnemﬂfmbécﬁlFﬁwedltgtmipom;lbdlsablemdelhﬁﬂmbmﬂdﬂew
OCP out put signal only, even if DCM does not occur (e g., DCMO).

circuitry (i.e.; during a blanking period) to prevent erroneous signals caused by voltage

. spikes, for example, when-the switch is first deactivated. Those skilled in the art will
Tecogaize various circuitry &nﬁg&aﬁons capable of generating a blanking period.
FIG. 2B shows another embodiment of capacitor charging circuitry 160°.

15  According to this embodiment, the capacitor charging circuitry 100’ may operateina
slow charging mode and a fast charging mode. Ina slc;w chm'gmg mode, the power
delivery switching cycle is initiated when DCM occurs (i:e., flux in the transformer has
collapsed) and when no overcurrent condition occurs (i.e., current level in the transformer
is below a set tevel), as described sbove. In a fast charging mode, the power detivery

20  switching cycle may be initiated only when no overcurrent condition occurs, withéut
detecting DCM.

To implement the slov;vffast charging modes in one embodiment, the power

switching control clrcmtry 102’ may include 2 logic gate 131 (e.g., an OR gate) between



“FIG 3 shows one enbodi ment of the voltage neasurenent circuitry 104.
The 10 voltage-nmeasurenent circuitry 104 stops charging of the
capacitor 112 when the neasured voltage reaches a predeterm ned

| evel . The exenplary voltage neasurenment circuit 104 indirectly
measures the output voltage V through the primary coil of the
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condition, the { at the source of common gate 5 anplifier 160
(PMOS M2) is(Jg'gqéé#:Mta:g)'t he sone vol tage 1BAT. A conparator 168
conpares the neasured voltage V1 to‘'a reference voltage Vp and
provides a stop dHEr3shepsengembodimentef theavoitgeimeadurenymt WifGitre 104 €The
or exceeds the reference voltage Vim The stop chargi ng signal may,
for exarifl e voltegroneasurenent tirduitay 104 stops charging of the capscitor 112 when tie

measured voltage reaches e predetermined level. The exemplary voltage measurement
- circuit 104 indirectly measures the output voltage Vou through the primary coil of the
transformer 114 by measuring 2 flyback pulsc when the switch 116 is off. More
specifically, the exemplary voltage measurement circuitry 104 receives switch voltage
- 15 V'sw atnode 117 and power source voltage Vear and determines a measured voltage Vg,
which is compared o a reference voltage Vgez. In this embodiment, 2 common gate
amplifier 160 may be used as a level shifter to convert the flyback voltage into the
measured voltage Vro. The measured vc;ltage Vrz may be represented according to the
following equation:
20 Vez=R2R1 x{Vou/N) 3]
wherein R1 and R2 a;re the resistance values of the resistors 162, 164, respectively, N is
the secondary-to-primary transformer turns ratio, and Vo./N represents the flyback

voltage.



shown), which may keep resetting the latch 118 in the control
circuitry 102 to prevent 10 charging until a new start command is
received. As an exanple, if Va=1.5, R2/R1;=0 1, and N=20, the
capacitor 112 will be charged up to 300V, and then the charging wll -
be stopped. During this period when the charging is stopped, the
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current of the diode 108 g%g/or capaci tora9ﬁ§.ﬂp 0 S{eg%ng%@ogﬁﬁp-é:pwel
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pr edet er m ned ribod of ti Hg taking,intqo consideration the
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resetting of the latch 118 is stopped to allow a power delivery
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capacitor charging circuit nmay determine 20 the refresh rate, which

depends dn tamplifieril6Q (PMOS M2)is@yad te gRsbafce Yolthdd Pyt external
control circuit. In a photoflash application, the mcroprocessor or

the rel evant ext ex Ramp&@it:188 col ' LA kLA a disgharge
the capacitor 112 to Br oduce tc%ebﬂash. iﬁer@g%%e,ﬁvﬁ’ﬁ‘g“ggmgewﬁ&gevkﬂ
m croproces : ¥l . Lpontrol cLrcuit y wake up the
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switching cycle to I Rt d.to performthe charging of the _
capacitor 1 ﬁ?%vgliag?h%&%aﬁeeﬂ ﬂ’@&lfmﬂhé'omgﬁ, geset-olatch (not
circuitry 130 and the 5 overcur_rent‘h&rot ection circuitry 140: \Wen
the flux wi SRPW, Mbichmmskespfesettingtherlatch 1d8)in sipseentrobeimduitte] 92 Rdevehe
flyback voltage is equal to zero, a discontinuous conduction node
(DCV)  0d8ur shirgingatil 2 aswistartoomitabd is Roeitted.c Ak ah bearkId) if VRg-—P3VR2/R1=0.1
detection circuitry 130 receives-switch voltage Vsw and source ’
.vol tage VBA&ndNe20sthe capacitor 112 wiltde charged up-to 300V, and then the charging will be
stopped.
During this period when the charging is stopped, the voltage on the caﬁacitor may
droop due to the inherent leakage current of the diode 108 and/or capacitor 112. ’I:ostart
15  charging again, the microprocessor or the relevant external control cirouit may wake up
the capacitor charging circuitry 100 afier a predetermined period of time, taking into
 consideration the allowable voltage droop across the capacitor, For example, the
rw;_-.ttingofthe latch 118 is stopped to allow a power delivery switching cycle to be -
initiated once again. The ON-OFF cycle of the capacitor charging circuit may determine
20 therefresh rate, which depends on the timing of the microprocessor or relevant external

control circuit.

In a photoflash application, thé_ ﬁﬁcroprocessor or the relevant external control -

circuit may initiate a discharge of the caf:acitor 112 to produce the flash, Thereafler, the



flyback voltage is |ower than a predeterm ned threshold val ue.
Because the switch 10 voltage Vsw coul d be higher than.the gate
breakdown voltage of a transistor of a low voltage process, the DCM
detection circuitry 130 may include a resistive divider 134 to
attenuate the voltage Vswto a safe |evel for further processing. The
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when the switch voltage is approximately equal to the source voltage
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detect such a vol t age properly and as'a re nay pro

DCM out put HQN a L
power del i v%@f&m%ﬁcyc Elil afe’ﬂg)ﬁeﬁ%g?mtlggglé gﬂ(aM ??}ﬁ{b

the primry, cy |nthetra ui | apd .exceed
the current PR “’Plgér‘?“ﬁﬁm%w &ﬁigps‘ﬁﬂﬂ& °¥Y‘§\l g’ pm{&qtermm@ﬁﬂm
exemplary OCP circuitry 140 prevents the primary current from

exceedi ng fliybackioliage is] thgm e@mmeiﬂvqméwlum@msﬂmm
114 by preventing activation of the switch 116 when an overcurrent
conditi @6 owoltungwmhibahshﬁdhmﬂmgﬁné&r@ﬁbmmhagﬁqfammﬁalow

voltage process, the DCM detection circuitry 130 may include a resistive divider 134 to
attenuate the voltage Vsw to a safe level for further processing.
The DCM detection circuitry 130 may include a comparator 132 tha;t odmpm :
switch voltage Vew and source voltage Vpar and provides an output signal indicating -
15 when DCM occurs. The exemplary DCM detection circuitry 130 receives bias currents
Toies) a0 Triae2 and performs. a comparison accorciing to the following equations:
Kszw+Vas=KxV;BA'r+Ves+Ibm1XRoﬂm 2}
. Vew= Vit + VoK. | - 3)
Thus, when the switch voltage is apprqximateljr equal to the source voltage (Vew =
20 Vgay), the comparator 132 prc_)vidrx the DCM output signal indicating that DCM has
occurred (i.e., DCM=1},
During the initial charging period when the output voltage Voyr is close to 0V, '
the amplitude of the flyback pulse is small and could be less than the DCM threshold.
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140 receives bias currents It and Ib;,,4 and an overcurrent
protection voltage V 10 neasured across resistor R. The OCP
circuitry 140 includes a conparator 142 that detects the overcurrent
condition by determ ning, based on the voltage Vey if the current

| evel in the transformer 114 exceeds a certain |level, as determ ned

di ng t gnetien i ' Ic
VecCt ) "% 15 The DM datochih BBy 330 a9 not 66 Bhid tolddiect @ﬁaﬁﬁ%‘ﬁ‘é&lmﬂe properly

The corr Zspéﬁ@%ﬁﬁ Sl BARERDCH ey sdarbiliVsD 6 odualig

Is: I"nury = | ""ry xN (7)., 20 If the current | evel in the
secondary \Apﬁmrwe &f thp pawer @nlwmwhm qysleds frtiatedhundes theae eonditionspthe
provi des the OCP output signal (i.e., OCP=1) indicating no

over cur r ent primaryi ¢urrent inlthe B forines ddmayrimildvpadd ercded die mhﬁmtliﬂﬁttdi‘la&e
ON-tine generator circuitry 120. As discussed above, the FIRE signal

sets ON §hegWittin: 16 4id Hé trhadfeime: 184. Whi ch drives ON the switch 116,
and triggers the constant ON-time generator circuitry 120. According

0, b, L5 RS b A0 B Gy SBBICH et
e ot Y 6 b RoE S S0

gener at or bU|Jt around an operational anplifier 122 connected to a .
- NMOS t r ansi §¥iteh THghensan qvesursent %@1 AAcAurs in the dranpfornery JiheiQER eircuitry
proportional with VSAT, is sent to a current mrror 123. \Wen the

FI RE si gnal 14®rpgéives bingoureentsvigoand Trkss an poneraltpntpro@etmtEoltage Vocn
10  measured across resistor Reee. The OCP circuitry 140 includes a comparator 142 that -

detects the overcurrent condition by determining, based on the voltage Vocp, if the - -

current Jevel in the transformer 114 exceeds a certain level, as determined according to

the following equations:
Vocp + Vigs + Rofact X Tiss = Vs @
15 Vocr = ~seo_vatiey X Raec | (5)

Thus, the overcarrent levet in the secondary winding of the transformer is: -

T saey .=%~XIM" -(6i
The corrwponding‘ current in the primary winding of the tra:nsformer is:
Leviey = Foe_yotiey N 7
20 I the current leve! in the secondary winding of the transformer falls below

Tse_valley, the comparator 142 provides the OCP output signal (i.e., OCP=1) indicating no

overcurtent condition.
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10 drives a switch 124 and directs the current mrrored by the
current mrror 123 to a capacitor 125. The capacitor 125 is charged
with the current proportional to WAT: .1 bm =1 x VBAT (8) T h e
voltage acr os st hecapacitor 125 increases f r omt h
einitial VL Ilevel tothe Vp n level. A conparator 128 detects when

t he capacitor vo vel uts t e si gnal

Pl C DE‘FI)'ECIT, m:/crﬁlﬁggé‘i‘g ?ﬂ‘g"?‘g{’%@%’@o‘?ﬂﬁ &Pﬁ?@‘ué‘% at0F, SigClitey, 120.
flip-fl 12 C h acitor dischar circuit, an

fesots the | i&lﬂiﬁﬂ@:téq’ ﬁﬂfﬁp Sets QN thestpy pgnréa,tnh lﬁaavhxeh drives ON
conpar at or 127 sets the fllp-flop 129, preparing it for a new cycle.

The Q out puttheswitttel 14, apﬂﬁ'iggpfﬂhtﬂcomtaabﬂquyh gemevitot Liecuitey 0200t Atdveding to
FIRE signal sets it until it is reset by the PIC DETECT signal. The

resul ting  2fe Hiistrits® embedinfent, e bnstatONIHmd géheMioWircaitkP120(B¥udes a latch

kxYaur Yafr Thus, the O\I—tl me.i s inverse proportlonal to"the source

\s/\(/)v: Egﬁeli{BA-ﬁ étﬂ%e pri mar y%ﬂpng o‘?%ﬂgﬁ@r ans@gﬁe%&t?f F'%)xgay

rxtM = (10) KG.\IPwhere thecrren t he

t r ansf or rrer TEEHYE tHE Wﬂ%ﬁﬁ By WECH 37 i’% ﬁe‘g Sﬁ?

I nduct ance, and KO\I Is a constant, Cx(V,¢c"WH -V, a, L) Kom= )

The peak curgeasraor hyilkagpindina ramplifier p43 W’-’MWWQ% ansistor. The

" cuerent in the drain of the NMOS transistor, proportional with Vg, is sent toa cutrent
mirror 123. ‘When the FIRE signal toggles the latch 121, its output signal CHARGE
10 drives a switch 124 and directs the current mirrored by the ciirrerit mirror 123 o a
. capacitor 125. The capacitm; 125 ig charged with the current proporﬁonal {0 Vear:
Toparge =k X Vipat - ®
The voltage across the capacitor 125 increases from the initial Vrame 1 level to
the Vgamen level. A comparator 128 detects when the capacitof voltage reaches Vyamp n
15 level and outputs the signal PK DETECT, which resets the latches or flip-flops 118 and
- 129, The flip-flop 129 switches ON the capacitor discharging circuit, and resets the latch
' 121. After the capacitor 125 is discharged, 2 comparator 127 sets the flip-flop 129, -
preparing it for a new c;lrcle. The Q oﬁput of the flip-flop 118 is set high from the
moment the FIRE signal sets it until it is reset by the PK_DETECT signai. The resulting
20  ON-time, toe is:

¢ = CRXVor 18 = Vauw 1) _ Kow
- EXVpir Paer

®

Thus, the ON-time is inverse proportional to the source voltage Vear.

12



rP_# =IFy_ + AIP (12) Because the exenplary OCp circuitry 140
prevents charging during an 10 overcurrent condition and constant
ON-tinme generator circuitry 120 maintains the current variation
constant, the power switching control circuitry 102 does not need to
directly nonitor the primary current limt and the sense resistor

used in conventi aI ca a n b m nat ed.
Al t hough the exeﬁ% %%&W%ﬁ&ﬁ@@é?%&#@ﬁemm
constant 15 ON -tine generator. circuitiy 120, those skilled in the
art will reddgdingefthedransionner 114dst i gurati ons are possible to provide

a constant ON-tine. FIG 6 shows vari ous waveforns associated with
enbodi nents of th poi@; ing control circuitry 102 and the

power swi tching El’qtc:'u y 102' operating in SLOW chargl ng(lo)
node (i.e., di scont| nud’us conoll'ﬁctlon rmde) When the switch is 20
activated during a constant ON-tinme , the switch voltage Vsw

drops to zewhesmlpinthe qymvapabmﬂr@wghl transformen'sqeimaty wandingy d.p is the
constant ON-tine, the switch is deactivated, the primary current

I rru drofs mm’sq:ﬁnﬁrymm@é;anmmoa@smMﬂcr eases. To
conpensate 13 the primary induced magnetic flux, a current Isrc
starts flowing in thecs,qwndaryp\m ndyng andintially I s m- -
| pRI -pK / N. Dur ifg *t+e—d secondary current Ism {11)
decreases. \When the flux within transformer coll apses and the
flyback voltage is equal to zero (i.e., Vsw = Va s.r), the DCM

out put signﬁewkgéﬁ@ﬂmgbmmﬁfmfﬁvﬁ@%wmmmcunent 5
condition does not occur, the overcurrent protection signal is
generated (OCP=| . \AM,;;,],, ®AP51 and DCM=1, the switch will be (12)
activated again for another ON-tinme duration (t.).. If the DCM .

bel ow tha DOV @P@?ﬁ%ﬁ%ﬁ%ﬁ%@’“@ﬁ”ﬁ%@ﬁé@“ﬁ SRR,

| t t
's ¢ °5%0 " Con ecr,'lg'reni V}A)n a%la constant ON-time generator circuitry 120 maintains the current

variation cohstant, the power switching control circuitry 102 does not need to directly
monitor the primary current limit s;md the sense resistor used in conventional capacitor -
charging circuitry can be eﬁnﬁnnted.
Although the exemplafy embodiment shows one configuration for the constant
15 ON-time generator circuitry 120, those skilled in the art will recognize that other
configurations are possible to provide a constant ON-time. |
FIG. 6 shows various waveforms associated with embodiments of the povlver |
switching controt circuitry 102 and the power switching c;onirol circuitry 102’ operating
in SLOW charging mode (i.e., discontinuous conduction mode). When the switch is
20  activated during a constant ON-time (1.5), the switch voltage Vsw drops to zero and the
primary current Ipg; increases. After the constant ON-time, the switch is deactivated, the

primary current Iexs drops te zero, and the switch voltage Vsw increases. To compensate
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will not be activated if OCP=0. In this enbodi nent, the bl anking
period (BP) occurs 10 when the switch is first deactivated to prevent
erroneous signals caused by voltage spikes. FIG 7 shows various
wavef orms associated with the enbodi nents of the power sw tchrng
control circuitry 102" operating in FAST charging node (i:e.,

ot BB L 1 G G i

switch will be activated for an

OCP=1. As a he_sw t chyj t ] before 15 occurs en

t he secondar ﬁ@#&ragﬁs%gﬁmﬂ( Né M‘g@gg -t’rg%,gﬁe anwﬂf iﬁc \ﬁ/{]emeasw.
swtch is agtivated, the corresponding current in the primary

wi nding | p i@h@%ﬁgﬁwtﬁl&@@;ﬁ%ﬁﬁﬂaﬂmaﬁd theflybackoveltage is egual to zero (i.e,,

operation. In sunmmary, a capacitor charging circuit conprises: power
transfer cir¥swEr¥ear) dad DGM evtpuisignahisgeaerated (BICM+=Dm As lonyas the @ueRGrent
to the capacitive |load; power switching 20 control circuitry

confi guresi t conditiohrdoks A6Y dcel, the oVercufrentIRPRELGOY istgknbﬂa&dﬁt@)wmlg. When
transfer circuitry such that power- i's delivered to the power tratsSfer .

circuitry fopcp=1 RPNk, B it %ML%@@%&E%&%%%SM&

configured to neasure an oOutput voltage o power
circuitry to t ' t haraing.the c (ti.ve, 14 | oad.
A ot hod of (R R M S Fardl A0 Sheei pesatis R Ak pieage sl Beiow

t ransf or ner O@Cﬂg ec i scont,i hupuys conductjon node in the
t r ansf or ner t&ﬁ #PM‘F\& ip

]

HFIAE Pemesd When¥ o isiflago & 2w the switch
condition in the transformer. If the discontinuous conduction node

i s detect ed WWdObbe petivated if GCP=H: by thivembasdiment, thethianking periogd (RRY ocurs.
delivery switching cycle is initiated. The power delivery swtching

cycl e hald) a whensheswitchOni firstrdeactiveted tdn prevemtwerontaussignal vackeDytvolthfespikes.
transforner during said constant ON- tinme and power is swi'tched OFF
when the const antFIGN7 hows @itivus eavefdiifs Sidbdlated With!tRE€ 8mbé BmeRE S HRGoWer
determ ne when to stop charging said capacitive |oad

switching control circuitry 102’ operating in FAST charging mode (i.e., continnous

~ cutrent operation). During the FAST charging mode, the switch will be activated for an
f)N;ﬁme duration (i;,) only when OCP=1. As a result, the s*_;vitch is activated before
15 DCM occurs when the secondary earrent Isge falls to the set level'I“u,y. ‘When the switch
18 activated, the corresponding current in the primary winding Je is N X Lyaiiey, thereby
providing a continuous ctrrent operation.
In summary, a capacito_r charging circuit comprises': power {ransfer circuitry
configured to tramsfor power from a power source to the capacitive load; power' switching
20 control circuitry configured to control switching of the power source to the power
trangfer circuitry such that power is delivered to the -pow'er transfer circuitry for a
constant ON-time; and voltage measurement circuitry configured to measure an output

voltage of the power transfer circuitry to determine when to stop charging the capacitive

14



Accordingly, the capacitor charging circuitry charges a capacitive
| oad nore 10 efficiently by mnim zing current | eakage and power

di ssipation. The terns and expressions which have been enpl oyed
herein are used as terns of description and not of limtation, and
there is no intention, in the use of such terns and expressions,

por i ons- 1 ﬁ%ﬁ?ﬁﬂﬁﬁr&?ﬂ@€ SR R .ousgl‘?rifﬁfﬁf?%rfaﬁ»srfo
var 6t ons, Jolt Aebebminbi e msgfpwétrhwfo%%rgfd‘%ﬁé‘wns

clains are |ntended to cover “all such equi vaI ents. 15 Wiat is clained

is: CLA Mo Hansforgeptecielest an pegreprnt fihe trensforyiengIfihe digearitinivnes

| oad, said capacitor charging circuit conprrsrng power transfer

circuitry cowpdidiongnadetis detedted awd/of my overameieconditihnie detecttd, (P
power source to said capacitive |oad; power sw tching control

circuitry f ofelivatsivitching dyelvid mitiafe, Glfheiﬁh@rééli%fy SIS oyfcle dconstant

power transfer circuitry and for delivering said “power t0 “sal d power
transfer ci | e asur e -
ci reuitry 1 o iesd dheh et forgr sARhad O e Bie AR AP QRGO
circuitry tq.determne.when capacj tive | oad,

wherei n sai (clhm %{ fP@&rQﬁo‘&@gﬁ? &?‘VgﬂggéﬂPﬁ’FQ‘ﬁP% {ihe et valtage

sai d out put volta |nd| rectly by neasuring a flyback voltage of
w&rs"g@ Jehendp stopshyging

sai d transfdf said eapaeitive load ai m 1,

wherein said vol tage neasurenent circuitry conprises crrcurtry

configured to condesordinglyothecoparitior chargingciréuitry chargessscapactiveload geore
10 | efficiently by minimizing current leakage and power dissipation.

The terms and expressions‘ ‘which have been employed herein are used as terms of
description and not of limitation, and there is no intention, in the vse of such térms and -
expressions, of excluding any equivalents of the features shown and described {or’
pottions thereof), ard it is recognized that varicus modifications are possible within the

15  scope of the claims, Other modifications, variations, and alternatives are also possible.

Accordingly, the claims sre intended fo cover all such equivalents.
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and configured to conpare said nmeasured voltage to a reference

vol tage. 3. The capacitor charging circuit of claim1l1, wherein said
power switching control <circuitry conprises a switch for sw tching
said power source to said power transfer «circuitry. 4. The capacitor
charging circuit of claim3, wherein said power swtching control
circuitry conprises constant ON-tine generator circuitry configured
to determn e.salid dco_nstant ON-tinme and to allow said swtch to

remai n on" ' Por 83" %Bnst ant ON-time. 5. The capacitor charging
circuit of claiml1, wherein said COEE tS ON-rine is inversely
proportional to a source voltage. apacitor charging circuit
of claim4, wherein said power switching control 16 circuitry )
conpr i sesl-odesaraciros shaiging drauitdar clooping @ sapagitivs/logdniaidycanaeitor shawgingc t
occurrenccqrcg{tcglg qu{g%current condition in said transformer, and
wherei n sai powgr wi tching control circuitry is configured to
switch on sai choswi tratsfevvénuiny comerising r éatsfomem dorttiapsfeongposer fomEhe
capacitor charging circuit.of claim®6, wherein said power swtching
contr ol 1?3“?66ﬁ‘g{"?%toc%’r‘?p‘iap%cétévediji‘ﬁonti nuous conduction nmode (DCM

detection cir Gidwlef ¥wieHmhd Ebni8lcirdu@rtRt esittrollaR iR ARG oBfaid power source
di sconti nuous conduction node in said transformer, wherein said

power swi PSRdgwebaSEI cPpEyapd {pridglivesingsgd pawes 1§ saidinogsr Benséi o
switch Wh&lr&Hﬁ ﬂra%n%?a?x?b N g’sﬁngonducti on node occurs. 8. The
a

capacitor c ging circuit of claim7, wherein said power swtching
control circualipgeorpuiraemt eirgwiry finimrgswingtanebtpuoydltage eEpahpiwer t o
at | east one.of. said detection circuitry..and saiﬂ circuifry
For  pr ovi GRG SimY (T eBne T S Siogsh et Siglpactstlond; WSl ld,
voltage measurement circuitry is configured to measure said output voltage indirectly by

measuring a flyback voltage of said transformer.

2. The capacitor charging circuit of claim 1, wherein said voltage measurement circuitry
comprises circuitry configured to convert said flyback voltage into a measured voltage

and configured to compare said measured voltage to a reference voltage.

3. The capacitor charging circuit of claim 1, wherein said power switching control
circuitry comprises a switch for switching said power source to said power transfer
circuitry.

4. The capacitor charging circuit of claim 3, wherein said power switching control
circuitry comprises constant ON-time generator circuitry configured to determine said

constant ON-time and to allow said switch to remain on for said constant ON-time.

5. The capacitor charging circuit of claim 1, wherein said constant ON-time is inversely

proportional to a source voltage.

6. The capacitor charging circuit of claim 4, wherein said power switching control

16



9. The capacitor charging circuit of claima8, wherein said swtching
control logic is configured to receive a slow fast comand
indicating either a slow charging node or a fast chargi ng node,
wherein said switching control logic is configured to switch on said
swi tch when no overcurrent condition occurs during said fast charging
node, and wherein said switching control logic is configured to

switch on_said switch when no avercuyrrent. condi ti.on cyrs .and when
el 0 DOMHERHTY SORFIG Ve FHL PRI oA Ry CHORD Confguret i dEtEsac ¢ or

char gi ng buedtkct oPdn Sediufehs cdnbition @ sA@ FMsfSRE and whkRkdaiDpdwadri od
generator configured to generate a bl anking period signal, wherein

sai d poweswitshing eprtrad cewitry éf caafigwid fo Svitshpnsaidswitsh PGB DALY EETENt
circuitry. __at. jgured to receive said blanking period signal. 11
A nethodch&%ﬁgggﬂﬁg a capacitive |oad, wherein said capacitive |oad
is coupled to a transforner for transferring power froma power

source taq id capacitive l.oad, .said t hod .conprisi.ng: 17

noni t or i r?g%gaf"a’af’ S HEH °8§1€’é’&?= @e&?@gﬂﬁpgﬁ%%P%ﬂg&ﬁgwlon node
in said diiamsicampates diRBhiiious Gorfiatsbn hedts(DUMpdetéctiol etredtry adhfigured
overcurrent condition in said transforner; if no_overgurrent

condi t i orfoidgtegfercerange of aHispentinpeps£opdieiien mods inesad Eipstemeh ghelrd e
having a s%ﬁr}%%pgw%ﬁ SBrroY BRNuR s RONESurd BroS Witk DR i@ ith Rt Said
transfornmer “‘during sard constant ON-t1 and wherein power 1Is
swi t ched diiebntidiens sandiciansbdaecc@s-t i ne expires; and nmeasuring an
out put voltage to determ ne when to stop charging said capacitive

| oad, wherein said output voltage is neasured indirectly by measuring
a flybacks. Mok tageitordthagdigeifcuds E@IMABS wherein said power switching control

circuitry comprises a switching control logic responsive to at least one of said DCM
detection circuitry and said OCP circuitry for providing a switching control signal to

switch on said switch.

9. The capacitor charging circuit of claim 8, wherein said switching control logic is
configured to receive a slow/fast command indicating either a slow charging mode or a
fast charging mode, wherein said switching control logic is configured to switch on said
switch when no overcurrent condition occurs during said fast charging mode, and
wherein said switching control logic is configured to switch on said switch when no

overcurrent condition occurs and when said DCM occurs during said slow charging mode.

10. The capacitor charging circuit of claim 1, further comprising:
a blanking period generator configured to generate a blanking period signal,
wherein said power switching control circuitry and said voltage measurement circuitry

are configured to receive said blanking period signal.
11. A method of charging a capacitive load, wherein said capacitive load is coupled to a

transformer for transferring power from a power source to said capacitive load, said

method comprising:
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12. The method of claim 11, wherein said power delivery swtching
cycle is initiated if said discontinuous conduction node occurs. 13.
The nmethod of claim 11, wherein said constant ON-tine is inversely
proportional to a source voltage. 14. The nethod of claim 11,
wherein said output voltage is neasured when said power is not being
delivered. 15. The nethod of claim 11, wherein neasuring said out put
vol t age conpri ses conve said. fl ck volta i,nto ur.ed
Vol tage and’ cONBRETAGSSa o umts eir AR pRgerto B opu b Pa e i ML ge.
16. The nphbRene&f claim 11, wherein nonitoring said transformer to
detect said discontinuous conduction node conprises nonitoring. said
transforner toNUBPOBREFHE rapemnes &g deteqt gp A¥RCWEI seditign i@ gpid transformer;

t ransf or ner

cl ol m 11, wher o S AR Al T A R R rourt{ deile FRletRple
activate }avswataohstmn@ﬂama whemingawea sssoichet QNa;ndawMtlens’omadudng)ower
is swtche resetti said latch. to tlvat sai d i.t.ch

15 16, THESpHEN Y e iRty et Sen SRR Bl R
smntchlngﬂgyaiandconprlses determ ning said constant ON-tinme using

constant ON-tinme generator circuitry and_wherei n_sai d const ant
ON-ti me gener dRGHEUENE 0y QUiRYf valtagg iR d%tsrirlan%wh%w step shargngsaghearpdiviai d
const ant (b GiHdRin dafd odipRAMRA élm&egmré&naﬁa;ﬂwy ridabritel a SRR %lugge a
transforner ‘for powering a capacitive |oad, said power swtching
control oifsaidittansformeri si ng: di sconti nuous conduction node (DCM
detection circuitry configured to detect a discontinuous conduction
node in said transformer;

12. The method of claim 11, wherein said power delivery switching cycle is initiated if

said discontinuous conduction mode occurs.

13. The method of claim 11, wherein said constant ON-time is inversely proportional to a

source voltage.

14. The method of claim 11, wherein said output voltage is measured when said power is

not being delivered.

15. The method of claim 11, wherein measuring said output voltage comprises converting
said flyback voltage into a measured voltage and comparing said measured voltage to a

reference voltage.

16. The method of claim 11, wherein monitoring said transformer to detect said
discontinuous conduction mode comprises monitoring said transformer to determine

when said flyback voltage of said transformer is below a predetermined threshold.
17. The method of claim 11, wherein said power is switched ON by setting a latch to

activate a switch coupled to said transformer, and wherein said power is switched off by

resetting said latch to deactivate said switch.
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overcurrent protection (OCP) circuitry configured to detect an
overcurrent condition in said transforner; a swtching control |ogic
coupled to said DCM circuitry and to said OCP circuitry for
providing a switching control signal; a switch for switching power to
said transforner in response to said switching control signal; and
constant ON-tine generator circuitry coupled to said DCM det ection
circuitry and said OCP circuitry, said constant ON-ti me generator
circuitry being configured to determine a constant ON-tinme and to

al | ow saii@, $1é fuetholi Of EIGHRIN WHrdi@ iniAing s8idPpoldNdelively- dwliftRing \WhEE €i N
said constant ON-tine is inver sel%Npropor_tl onal to a source voltage.
20. The poweriseswictesmimag saheqnstantONcling uERg eanglapt QDI-tfp BeNEriOISAICHITY,

Swi tchi nganﬁ%el:e\?é]sali&) 9(.i)n%t {éNgt%ﬁ% F&&éfa%i‘ ctiI%u Ylbgr‘sa' sacif’l‘is itél")/\fotr Liﬂgm
control signa &n gard di'scont Fnuous  conduction mode 1s detected
and when fopsaiemsuant @Nttimandi tion i s detected. 21. The power
swtching control circuit of claim19, wherein said switching control

logic is configured to provide said switching control signal when no

over curr et AGRRKE ki RhinSconfil 8fdufouréd tol@arRRMREr ﬁ%&wmﬂg@ &eRdine
circuit of claim19, wherein said swtching control logic 19 is

conf i gur dead; saig povrirevitching conirelafrewgceBprisieg: si gnal when said
condi i on s dUFLREHEN ShdTbAR hascEICT] AikcRO HORy ISy degere
over cur r alitcoatmebiut cantucsordmbécinedid tonsfongera f ast  char gi ng node. 23.
The pover swi to%gli‘cgge&%%tgc%onc(bl&lf iclircu:}t%’/ cc];nlfirg%nhe I’to %(e)tgarainsoivg 1:1rrent
condition in said transformer;
a switching control logic coupled to said DCM circuitry and to said OCP circuitry
for providing a switching control signal;
a switch for switching power to said transformer in response to said switching
control signal; and
constant ON-time generator circuitry coupled to said DCM detection circuitry and
said OCP circuitry, said constant ON-time generator circuitry being configured to
determine a constant ON-time and to allow said switch to remain on for said constant
ON-time,

wherein said constant ON-time is inversely proportional to a source voltage.
20. The power switching control circuit of claim 19, wherein said switching control logic
is configured to provide said switching control signal when said discontinuous
conduction mode is detected and when no overcurrent condition is detected.
21. The power switching control circuit of claim 19, wherein said switching control logic
is configured to provide said switching control signal when no overcurrent condition is

detected.

22. The power switching control circuit of claim 19, wherein said switching control logic
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a bl anki ng period generator configured to generate a bl anki ng period
signal, wherein said DCM detection circuitry and said OCP circuitry
are configured to receive said blanking period signal. 24. The power
switching control circuit of claim19, further conprising: a |latch
coupl ed between said constant ON-tinme generator circuitry and said
switch for switching on said swtch, wherein said latch is
configured to, activate.said swich in response to.said .swtching
control oF @ﬂ%g}m&ﬂ‘a pW‘i’écfeesf“ Sévéfcgmgéf”&tﬁ(ﬂis Elo‘ﬁlfei“ggﬂﬁde‘ﬁscfjﬁtna’é)%t i vat e

sai d sw t@hdidfion bR Y \Efected Baivehes A0 DY @BhrrédNcbhdiBortie Aekeat @ dughg Ui t Ty
after said constant ON-tine expires. 25. An apparatus conprising: an
i nt egr at eV Flrasging nfode. ang rvehes p iomeroeant §pritien is detegisd duiing a fashad
connecte%m%?ﬁé %&Qnsforner, said integrated circuit being configured
to ronitor ard transformer and to initiate a power delivery

swi tching cycle having a constant ON-time, wherein said integrated

circuit i nfigured 1.0 swi.tch. po to said transfornmer during
sai d coné%%ﬁﬁe ?Fﬁ@nﬁﬁﬁCﬁﬂgﬁgFﬁ”mgig&%%T8@?@?@H}circuit i's

configured to kel e pehdriionbifighrl to SaRM:@NblafRing perbdwigial,es,
and wherein said constant ON-time is inversely proportional to a
sour ce voVhesgja said REMpectippeircaitpsandrsad| QEReivenitry prg canligused fg receive

i nt egr at ed. Glj54 4 pel igured to receive a SLOW FAST conmand
indicati%%Kg?tﬁgégéé?g§ﬁ%%arging node or a fast chargi ng node. 27.
The apparatus of claim25, wherein said integrated circuit is

confi gur detect ,an. overcurrent,. condition in said transforner
and to |§ﬁp4f Irg? B°‘§%ﬁsa’“§€%|9°‘b‘é‘1 cuat of gl S’r% ng he]ﬁ‘ff’mcpf%:sfné'mhen no
overcurrent caogichcOipl@Cdiwsen sati cohftentaPPaingd gehe@for elraiifry 2d saidhewiedhn

sai d intqgrated_circuit i.s configured to detect a
or switching on said switch,

wherein said latch is configured to activate said switch in response to said
switching control signal, and wherein said latch is configured to deactivate said switch in

response to said constant ON-time generator circuitry after said constant ON-time expires.

25. An apparatus comprising:

an integrated circuit for controlling charging of a capacitive load connected to a
transformer, said integrated circuit being configured to monitor said transformer and to
initiate a power delivery switching cycle having a constant ON-time,

wherein said integrated circuit is configured to switch power ON to said
transformer during said constant ON-time and wherein said integrated circuit is
configured to switch power OFF when said constant ON-time expires, and

wherein said constant ON-time is inversely proportional to a source voltage.

26. The apparatus of claim 25, wherein said integrated circuit is configured to receive a

SLOW/FAST command indicating either a slow charging mode or a fast charging mode.

27. The apparatus of claim 25, wherein said integrated circuit is configured to detect an

overcurrent condition in said transformer and to initiate said power delivery switching
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di sconti nuous conduction node in said transformer and to initiate
said power delivery swtching cycle when said discontinuous
conducti on nobde occurs and when no overcurrent condition occurs. 21

cycle when no overcurrent condition occurs.

28. The apparatus of claim 27, wherein said integrated circuit is configured to detect a
discontinuous conduction mode in said transformer and to initiate said power delivery
switching cycle when said discontinuous conduction mode occurs and when no

overcurrent condition occurs.
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